There are inconsistent reports that the angiotensinogen (ATG) variant Met235 Thr (T235) allele and angiotensin-converting enzyme (ACE) insertion/ deletion (I/D) variants are associated with hypertension and related target organ damage. Both high blood pressure (BP) and abnormal diurnal BP variation patterns are related to target organ damage, but it is not known whether the above genetic variants of the renin-angiotensin system are related to 24 h BP and the diurnal BP pattern in Japanese. We studied the association of the ATG T235 allele and ACE D allele with 24 h BP and diurnal BP variation in 235 of 262 consecutive untreated (or off medication)
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The renin-angiotensin system regulates vascular tone, cardiovascular remodeling, and salt and water homeostasis, and this system is also closely involved in the physiologic regulation of blood pressure (BP). Thus, genes that influence the renin-angiotensin system are potential etiologic agents in hypertension and related cardiovascular disease. The plasma level of angiotensinogen (ATG), a key component of this system, is correlated with BP (1, 2). The human ATG gene has been cloned, sequenced, and localized to 1g45 by in situ hybridization (3, 4) . A positive association between hypertension and the molecular variant of the ATG gene that encodes threonine instead of methionine at position 235 (T235) has been reported in Caucasians and Japanese (5-9), but two other recent studies did not support this finding (10, 11). We recently clarified that the ATG T235 allele is more common in Japanese than in Caucasians, and we identified it as a predisposing factor for hypertension in two Japanese community-dwelling populations (12).
Angiotensin-converting enzyme (ACE) variant, encoding an intronic deletion of a 289 by Alu sequence, is reported to be associated with cardiovascular disease in Caucasians and in Japanese (13-16). However, this ACE insertion/deletion (I/D) polymorphism was reportedly unrelated to essential hypertension in Caucasians (13, 14, 16-19), although at least one report does not support this finding (20). This discrepancy is also found in studies on Japanese (21, 22).
These different finding might be due to the definition of hypertension based on office BP. Hypertensive patients diagnosed based on office BP would include some white-coat hypertensives, whose BP in non-medical environments is normal (23) . In addition to high BP itself, abnormal diurnal BP variation has been reported to be associated with target organ damage and poor prognosis in hypertensive patients (24) (25) (26) (27) . Accordingly, we investigated the association of the ATG T235 allele and ACE D allele with 24 h BP and diurnal BP variation in 235 of 262 consecutive elderly Japanese hypertensives in whom 24 h ambulatory BP monitoring (ABPM) was performed.
Methods

Subjects
We studied 385 consecutive elderly hypertensive outpatients aged >_ 60 yr. Hypertension was diagnosed when the average (of 3 or more occasions) systolic BP (SBP) was ? 140 mmHg and/or the average diastolic BP (DBP) was >_ 90 mmHg (28) , or when the patient was receiving antihypertensive therapy. BP was measured in the sitting position using an automated sphygmomanometer (BP1O3N-II, Nippon Colin, Co., Ltd., Komaki, Japan) after the patient rested for at least 5 min. We took a detailed history of the duration of hypertension and cardiovascular complications such as stroke or coronary artery disease (myocardial infarction and angina pectoris) from all participants, and conducted a physical examination and laboratory studies including blood and urine tests, chest X-ray, and resting electrocardiography. We excluded from this study 67 patients with renal failure, hepatic damage (serum level of creatinine > 1.5 mg/dl, blood urea nitrogen level >30 mg/dl, or aspartate aminotransferase or alanine aminotransferase level >40 IU/1), or possible overt diabetes mellitus (fasting glucose > 140 mg/dl and/or hemoglobin A1c >6.4%) or with present or previous coronary artery disease, stroke, congestive heart failure, atrial fibrillation, or malignancy, since these complications per se have been reported to affect BP levels and the diurnal BP variation. The remaining 318 hypertensive subjects met the criteria for World Health Organization ( WHO) stage I or II hypertension, and had no indication in their history or routine laboratory test results of secondary hypertension. No antihypertensive therapy was administered in 104 (33%) of the 318 hypertensive patients for at least 1 mo before examination. All remaining treated patients were asked to discontinue their antihypertensive therapy 7-14 d before examination, but 56 (18%) were not able to do so. Finally, ABPM was performed in 262 hypertensive subjects who were not under antihypertensive therapy for at least 7 d before examination.
To compare the gene frequencies of ATG M235T and ACE I/D alleles of these hypertensive subjects with those of normotensive subjects, we analyzed some of our previous data (12, 16). These data were acquired on normotensive community-dwelling subjects who participated in annual examinations conducted as a part of the Jichi Medical School Cohort Study (29, 30) . As the frequencies of ATG T235 and ACE D alleles are widely different in different geographic areas even within Japan (12, 16, 31), we analyzed the data exclusively for normotensive subjects residing in the same area (Hokudan district on the Awaji Island) as the hypertensive patients of the present study.
Smokers were defined as current smokers. The body mass index was calculated as weight (kg)/ height (m)2. Left ventricular hypertrophy diagnosed by electrocardiography (ECG-LVH) was defined as abnormally high voltages of QRS complexes (R in VS plus S in V1 greater than 3.5 mV) associated either with flat T waves (less than 10% of R) or with ST segment depression and diphasic T waves (32) .
This collaborative study was approved by our institutional review committee, and informed consent was obtained from each subject studied. The measurement of clinical and metabolic characteristics and blood sampling of the studied subjects were performed at independent institutes from those at which the ACE gene and ATG gene identification were carried out. 24 h ABPM Noninvasive ABPM was carried out on week-days with an automatic ambulatory BP monitor with gaspowered cuff inflation (ABPM-630, Nippon Colin Co., Komaki, Aichi, Japan), which recorded BP and heart rate every 30 min for 24 h. The accuracy of this device was previously validated (33) . The ambulatory data used were those obtained by the oscillometric method. Each subject kept an activities journal in which he or she recorded information about the exact times of falling asleep and waking up. Re-examination was performed in 35 hypertensive patients whose BP data were not usable due to the presence of artifacts in more than 10% of the total measurements. We excluded from this study 27 subjects who complained of sleep disturbance during ambulatory BP monitoring. Thus data were obtained on 235 subjects.
Definitions of White-Coat Hypertension, Sustained Hypertension, Extreme-Dippers, Dippers, and NonDippers The night BP was defined as the mean BP from the time at which the patient went to bed until the time of awakening, and the day BP was defined as the mean BP during the remaining portion of the day (25, 27) . Hypertensive patients with 24 h SBP >_ 135 mmHg and/or 24 h DBP > 80 mmHg were defined as having sustained hypertension (n =161) and those with 24 h BP below these levels as having white-coat hypertension (n = 74), as described previously (25, 27) . Then, the nocturnal SBP change was calculated as (day SBP --night SBP) /day SBP (27) . In total 161 hypertensive patients were subclassified based on the nocturnal SBP fall as follows: 18 extreme-dippers with >20% nocturnal reduction of SBP; 66 dippers with >_ 10% but <20% reduction; and 77 non-dippers with < 10% reduction (higher night SBP level than day SBP).
Determination of ATG M235T Genotype Genomic DNA was extracted from citrated whole blood using salt/chloroform by modification of a previously described method (34) 
plification of DNA was performed by the polymerase chain reaction (PCR) using 1p1 DNA extract and thermostable Taq polymerase (Takara Biochemical, Kyoto, Japan) according to the manufacturer's instructions (12). PCR was carried out in a DNA Thermal Cycler (Perkin Elmer-Cetus) according to the method of Russ et al. (35) . The oligonucleotide sequences of the PCR primers were: 5'CAG GGT GCT GTC CAC ACT GGA CCC C-3' and 5'CCG TTT GTG CAG GGC CTG GCT CTC T-3' . The initial cycle consisted of heating to 94°C for 7 min, followed by 45 cycles of 94°C for 1 min, 68°C for 1 min, and 72°C for 1 min, and a final cycle of 72°C for 10 min. Aliquots (4 ml) of the PCR products were digested with 6 units of Tth 111-I (Takara Shuzou Co., Ltd, Kyoto, Japan) at 65°C overnight. DNA fragments were separated by electrophoresis on 2.5 % agarose gel in 40 mM trisacetate/ 1 mM ethylenediaminetetraacetic acid (EDTA, pH 7.7) containing 0.5 mg/ml ethidium b romide, and were visualized using ultraviolet light. Identification of the ATG genotypes of all samples was made by a single investigator (S.N.) at the Division of Genetics, International Center for Medical Research, Kobe University School of Medicine (Kobe, Japan) in a blinded manner.
Determination o f ACE I/D Genotype PCR was performed in a thermal reactor (MJ Research, Massachusetts, USA). The oligonucleotide sequences of the PCR primers were: 5' CTG CAG ACC ACT CCC ATC CTT TCT 3' and 5' GAT GTG GCC ATC ACA TTC GTC AGA T 3' (36). The DNA was amplified for 35 cycles with denaturation at 94°C for 30 s, annealing at 60°C for 30 s, and extension at 70°C for 60 s. The PCR products were separated by electrophoresis on 3 % agarose gel (NuSieve 3 : 1 Agarose gel, FMC Bioproducts, Rockland, USA) in 45 mM tris-borate, 1 mM EDTA (pH 7.7) containing 0.5 mg/ml ethidium bromide, and visualized using ultraviolet light.
To avoid mistyping, in the 33 samples identified as having DD genotype by the above method, the investigator (S.N.) conducted an insertion-specific second amplification using the insertion-specific primer of the oligonucleotide sequences of 5' TGG Statistical Analysis Data are expressed as the mean (SD) and percentages. One-way analysis of variance (ANOVA) was performed to detect differences among groups, and Scheffe's F-test was used for comparison between the mean values for pairs of groups. Allele frequencies in different groups were compared by gene counting and x2 analysis. P values <0.05 were considered significant.
Results
ATG and ACE Genotypes and BP Level
The distribution of the ATG and ACE genotypes was consistent with the sample being in HardyWeinberg equilibrium. There were no significant differences among the 3 groups with different ATG genotypes, or among the 3 groups with different ACE genotypes in clinical data, including family history of hypertension and cardiovascular diseases (coronary artery disease, stroke, and sudden death) or in office BP. Concerning the ATG genotype, the 24 h SBP was significantly higher in those with TT genotype than in those with MM genotype (Table  1) . The day SBP and day DBP were significantly higher in those with TT genotype than in those with MT or with MM genotype, while there were no significant differences in night BP or night-lowest BP. Concerning the ACE genotype, the 24 h BP, day BP, night BP, and night-lowest BP were significantly higher in those with DD genotype than in those with II or with ID genotype (Table 2 ) . There were no synergistic effects of ATG genotype and ACE genotype on BP levels (Table 3) .
ATG, ACE Genotypes, White-Coat Hypertension, and Sustained Hypertension When we divided the hypertensive subjects studied into white-coat hypertension and sustained hypertension groups based on 24 h BP, we found no significant differences between the 2 groups in the prevalence of ATG and ACE genotypes ( Table 4) . The derived gene frequency of the ATG T235 allele was significantly higher in the sustained hypertension group than in the white-coat hypertension group, and that of the ACE D allele tended to be higher, but not significantly so, in the former group. Comparison with Normotensive Subjects The ATG T235 allele frequency in 103 normotensive subjects was 0.61, which was not significantly different from that of the white-coat hypertension group (0.68) ( Table 4 ). The ATG T235 allele frequency in 54 hypertensive subjects in the previous community-based cohort study (0.71) was not significantly different from that (0.75) in the hypertensive patients in the present study, suggesting that the consecutive selection of hypertensive outpatients in this study was not biased. The T235 allele frequency (0.79) in the sustained hypertensive group was significantly higher than that (0.61) of the normotensive subjects (p < 0.0001). Concerning ACE D I/D genotype, the D allele frequency in 104 normotensive subjects was 0.34, which was intermediate between that (0.30) of the white-coat hypertension group and that (0.38) of the sustained hypertension group, and was not significantly different from either value.
ATG, ACE Genotypes, and Severity of Hypertension After exclusion of the white-coat hypertension group to study the association between ATG, ACE genotype and the severity of hypertension, we found no differences among the 3 groups with different ATG genotypes, or among the 3 groups with different ACE genotypes, and any BP parameter obtained by ABPM among 161 sustained hypertensive subjects (Table 5) .
ATG, ACE Genotypes, and Diurnal BP Variation in Sustained Hypertension After excluding the white-coat hypertension group, we allocated the sustained hypertensive subjects to 3 subgroups with different diurnal BP variation (extreme-dippers, dippers, and non-dippers). There were significant differences among the extreme-dippers, dippers, and non-dippers in ATG T235 allele frequency (0.94, 0.79, and 0.75, respectively, _ 6.24, p < 0.05), but the differences among the 3 subgroups in ATG genotypes were marginal (p < 0.1). There were no significant differences among the 3 groups in ACE genotype or in derived D allele frequency. Since the number of extreme-dippers was small, we combined the data for the extreme-dippers and dippers. The combined group showed no significant difference from the non-dippers in ATG T235 allele frequency ( = 3.70) or in ACE D allele frequency (x2 = 0.257).
Discussion
In this study, in 235 asymptomatic Japanese elderly subjects with hypertension (WHO Stages I-II), both the ATG T 235 and ACE D alleles were associated with elevated 24 h BP and day BP, while only the ACE D allele was associated with elevated night BP. There were no synergistic effects of ATG and ACE genotypes on BP.
There are few reports on the association of ATG M235T and ACE I/D genotypes with BP assessed by ABPM (38, 39) . The 24 h SBP measured by ABPM in our patients with ATG TT or MT geno- Office and 24 h BP in Sustained Hypertensives with Different ATG T/M and ACE IID Genotypes type was significantly higher than that of patients with MM genotype. We found that many subjects diagnosed with hypertension based on office BP had white-coat hypertension. The inconsistent finding of previous studies on the association between ATG and hypertension (5-11) might be due to the inclusion of white-coat hypertensive subjects. In our previous study of a community-dwelling population, conducted in the same geographic area as the present study, the ATG T235 allele frequency was 0.61 in normotensive subjects and 0.71 in hypertensive subjects (12). The T235 allele frequency (0.68) in white-coat hypertensive subjects was similar to that (0.61) of normotensive subjects, and that (0.79) of sustained hypertensive subjects was significantly higher than either of these.
In our present study, we found that the 24 h SBP and DBP levels were significantly higher in patients with ACE DD genotype than in those with II genotype or with ID genotype. This finding was unexpected, as Maeda et al. found no significant difference in ACE D allele frequency between normotensive subjects and hypertensive patients diagnosed by ABPM. Their study patients were living in an area (Ibaragi prefecture) far from the area of this study (39) , and there was no cultural exchange. There are a few reports indicating a positive association between the D allele and BP (20, 23), but most reports do not support a positive association. Our finding showing a positive association between the D allele and higher BP levels might be due to the advanced age of the subjects. The mean ages of the groups of subjects in the study by Maeda et al., in which no association was found between ACE D allele and BP measured by ABPM, was 10-20 yr younger than that in this study (39) . In our study, asymptomatic hypertensive subjects were carefully selected based on clinical and laboratory test results, but their target organ damage might have been subclinically advanced. Though the ATG T235 allele was associated only with day BP, the ACE D allele was associated with day BP, night BP, and night-lowest BP. There are some reports that elevation of night BP is associated more strongly with subclinical target organ damage (silent cerebrovascular disease, microalbuminuria, and left ventricular hypertrophy) and poor prognosis in hypertensive patients than day BP (24) (25) (26) (27) . Furthermore, we have encountered hypertensive patients whose markedly reduced night BP level became elevated to near the day BP after minor reversible ischemic stroke (40) . Thus, the subclinical target organ damage often found in elderly hypertensive patients might result in further elevation of BP, especially at night, and the positive association of the ACE D allele with 24 h BP, day BP, night BP, and night-lowest BP.
One recent study examined the association between ATG, ACE genotypes, and 24 h BP measured by ABPM in 114 Caucasians with established essential hypertension (38) . In that study, neither the ATG nor ACE genotype was associated with the severity of hypertension. However, that study excluded white-coat hypertensive subjects with 24 h SBP/DBP < 135/85 mmHg. In our study, the gene frequencies of ATG T235 allele and ACE D allele were significantly higher in the sustained hypertension group than in the white-coat hypertension group. We also found that in the sustained hypertension group, the severity of hypertension was not associated with either the ATG or ACE genotype. Thus, neither the ATG M235T nor ACE I/D genotype seems to be associated with the severity of hypertension in either Japanese or Caucasian sustained hypertensives.
In the sustained hypertensive patients, abnormal diurnal BP patterns were not associated with either the ATG or ACE genotype. Hypertensive non-dippers without a nocturnal fall in BP have reportedly had more advanced target organ damage and poorer prognosis relative to dippers with an appropriate fall in nocturnal BP (24) (25) (26) (27) . Furthermore, we demonstrated, as other researchers have noted, that the hypertensive extreme-dippers with a marked nocturnal BP decrease have more advanced silent cerebrovascular disease (27) . Thus, we speculated that these abnormal diurnal BP variations in hypertension might be partly associated with ATG or ACE genotypes, but the findings do not support this hypothesis.
A limitation of this study, was that the subjects were older. Thus, the relationships between 24 h BP and these gene alleles may partly be due to advanced target organ damage with aging. In addition, more recent reports have demonstrated the genderspecific relationship between BP and the ACE D allele (41, 42). In these studies, they found a positive correlation between BP and ACE D allele only in men. In our present study, we could not assess this gender-specific difference due to the relative small number of study subjects.
In conclusion, in elderly Japanese hypertensive individuals, both the ATG T 235 and ACE D alleles are associated with elevated 24 h BP and day BP, while only the ACE D allele is associated with elevated night BP.
